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Abstract. According to the two-hybrid–based protein-interaction map of the fruit fly proteome 
the principal interactor of ARP-like is endophilinA. Taking advantage of two different transgenic 
strains having in the lab, which contain differently loss-of-function lethal (LoF) mutations of these 
genes, ARP-like35E and respectively, endoAEP927, it was generated a new stock bearing recombinant 
chromosomes carrying both LoF mutations. The goal was to test if the assumed interaction between 
both wild-type alleles is also taken place between their LoF alleles but in Drosophila not in yeast, in 
vivo, in the context of an intact organism.  
Preliminary comparative analyzes of the GFP and non-GFP larvae have shown that the 
phenotype of the double-mutant combination, ARP-like35E_endoAEP927 was aggravated. The double-
mutants died earlier than the single mutants taken separately, which suggested that some interaction 
could have been really taken place between the allele’s products. 
Due to the fact that both of the considered genes are orthologous to human genes implicated in 
different pathologies, in fact, this study represents a valuable source of novel protein-protein 
interaction with relevance to human diseases.    
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INTRODUCTION 
 
D. melanogaster is one of the most intensively studied eukaryote to date, being a 
model system for many cellular processes in higher organisms, including humans. A 
landmark of this organism was the publication of the whole genome shotgun assembly 
sequence in March 2000 (Adams et al., 2000). Additionally, the recent explosion of high 
throughput experimental technologies for characterizing protein interactions has generated 
large amounts of data describing interactions between thousands of proteins and producing 
genome scale views of protein assemblies (Wodak et al., 2009).  
Mapping protein-protein interactions is an invaluable tool for understanding protein 
function. The proteomic map from D.melanogaster is based on yeast-two-hybrid systems 
analyzes and contain a total of 10,623 predicted transcripts which were isolated and screened 
against standard and normalized complementary DNA libraries to produce a draft map of 
7048 proteins and 20,405 interactions (Giot., et al., 2003). According to this draft map, the 
high score of ARP-like interaction’s  is given by endophilinA (endoA).  
The ARP-like gene is referred in FlyBase (http://www.flybase.org) to the symbol 
Dmel\ARP-like (CG7013, FBgn0027095). It is a protein coding gene, whose cytological map 
location is in 89B13, in the third chromosome (Georgescu et al., 2005). Its molecular function 
and the biological processes in which it is involved are not known. Until now 3 alleles are 
reported. No phenotype data is available. One of its known allele is ARP-like35E (Magdalena 
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et al., 2006, DQ649527) which is a LoF lethal allele.  
The endoA gene is referred in FlyBase to the symbol Dmel\endoA (CG14296, 
FBgn0038659). It is also a protein coding gene that can be found in the third chromosome 
from D.melanogaster, in the cytological map location 91D4. Its molecular function is 
described as: lysophosphatidic acid acyltransferase activity; protein binding. There are 15 
alleles reported. One of these alleles is endoAEP927 and is also a LoF lethal allele (Rikhy et al., 
2002). 
Unlike ARP-like35E LoF allele (GenBank, DQ649527) which was generated by an 
imprecise excision event of P{EP}EP3171 element, the endoAEP927 LoF allele was generated 
by an insertion event of P{EP}EP927 element. The P{EP}EP927 insertion disturbed the 
endoA gene expression and its precise excision restore the normal flies phenotype. Having in 
the lab both LoF alleles just described, there were generated recombinant chromosomes 
carrying both of them. The goal was to test if the assumed interaction between ARP-like and 
endoA wild-type alleles is also taken place between their LoF alleles.  
According to homophila database (http://superfly.ucsd.edu/homophila/) the ARP-like 
gene is an orthologue of human ARP gene which is associated with a variety of solid cancers 
(Shridhar et al., 1996). In addition, endoA gene is an orthologous of human GRAF gene which 
is involved in leukemia-associated translocation (Hildebrand et al., 1996) and also commonly 
deleted in hematological malignancies (Borkhardt et al., 2000).  
 
MATERIALS AND METHODS 
 
Drosophila strains: Mutations and balancers not listed in the text are described in 
FlyBase. Flies were cultured on standard cornmeal and agar media, at room temperature. 
Special Drosophila strains used are: EP(3)3171, EP(3)0927 were kindly provided by Dr. J. 
Szidonya from Szeged Drosophila Stock Center.  
Fly genetics. To recover recombinant mutants containing two LoF mutations on the 
same chromosome there were crossed, en mass, females heterozygous for the ARP-like35E 
allele (symbolized in scheme as 35E) to males heterozygous for endoAEP927 allele (symbolized 
▼927) (Fig. 1, F0). In F1 generation were selected orange-eyed females, non-Sb and non-Ser 
(the color of their eyes is due to the mini-white marker included in the P{EP}EP0927 insert). 
These selected females do not contain anymore the balancer chromosomes TM6CSb, nor 
TM3SbSer, so that their third homologous can recombine each-other, by crossing-over, to 
generate a new chromosome carrying both LoF allele (35E and ▼927) in the same 
chromosome. From F1 progeny were selected 42 heterozygous Sb, Ser and orange-eyed males 
which were crossed separately with 3 white-eyed double-balancer (TM3/TM6) females, in 42 
different crosses (Fig.1, F2) for generating a new recombinant stock. Among these 42 orange-
eyed males, which were selected as containing the endoAEP927 LoF allele, the expectation was 
to find a few males which were also containing the second LoF allele, the ARP-like35E, as a 
consequence of homologous recombination. To prove this it was necessary to perform 
molecular investigation of their genomes (see further details). In F3 generation (Fig.1, F3) 
from the progeny of one male carrying the new recombinant chromosome, a virgin orange-
eyed, Tb and Hu heterozygous female was selected and was crossed with males carrying a 
special balancer chromosome (TM3SerGFP) which contained the green-fluorescent-protein 
marker (GFP). From this cross were selected virgin females and males with the same 
genotype for a sibling cross in order to obtain a new stabilized recombinant stock (Fig.1, F4). 
This new cross was necessary due to the big advantage of the GFP marker, which helped to 
discern between homozygous (non-GFP) and heterozygous (GFP) double-mutant individuals, 
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under an UV source. Meanwhile, the progeny of the other 41 crosses made in F2 generation 
were eliminated from this study.  
Molecular biology: Five days later from setting that 42 crosses (Fig.1, F2) there have 
been isolated the males, individually, and subjected them to one-fly vial DNA extraction, as 
previously described (Gloor et al., 1993). Furthermore, their purified DNA was tested by 
PCR, for the presence of the specific size deletion corresponding to the ARP-like35E allele 
(GenBank, DQ649527). Standard PCR was conducted on genomic DNA for 30 cycles in a 
total volume of 25 microlitres in the presence of 10 pmoli from each oligonucleotide; 250µM 
dNTP; 0,5U Taq polymerase; 5X buffer + MgCl2. Oligonucleotides which helped to amplify 
the ARP-like35E allele were designated using FAST PCR (Kalendar, 2006) and they were 
symbolized: F4, a 23-mer: (genomic coordinates: - 585, - 562) 5'-
TCGATCCGAGGTACTGGCATTGG-3’ and R2: a 23- mer: (+ 1740, +1717) 5'-
AGAAGCTGAATCCACCACCCACA-3’. Three PCR reactions out of 42 were found 
positive for the ARP-like35E specific size deletion (data not shown). Only the progeny of one 
of these was considered for subsequent investigations. 
 
 
   
  
Fig.1. The experimental strategy used to obtain two different LoF alleles from D.melanogaster in the same 
chromosome by crossing-over. For details see text. 
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RESULTS AND DISCUSSION 
 
By making use of a combination of standard genetic and molecular techniques, herein 
it have been described an experimental strategy, extended for four generations, in order to 
obtain a new recombinant Drosophila stock. The new stock was designed to contain two 
linked LoF alleles, ARP-like35E and endoAEP927, in the same (third) chromosome from 
Drosophila, starting from two different stocks, each containing one of these LoF alleles of 
interest. The identification of the new recombinant was based on two type of markers: a 
phenotypic one, meaning the mini-white gene marker which unmasked the presence of the 
P{EP}EP927 insertion, and a molecular one, meaning the known chromosomal deletion size 
of the ARP-like35E allele (GenBank, DQ649527). The phenotypic marker helped to select 
individuals with pigmented eyes, and the molecular marker helped to find that pigmented-
eyed males who also carry the second LoF investigated allele.    
According to the cytological map of polytene chromosomes from Drosophila 
(Lefevre, G.,1976) the physical distance between ARP-like and endoA genes is ~7cM, so that 
the rate of recombination between both alleles was expecting to produce with a frequency of 
about 7%. From a total of 42 selected males (Fig.1, F2), there were found 3 positive males for 
the investigated molecular marker, so that the real frequency of recombination obtained was 
about 7,14%. In the new obtained stock, the ARP-like35E and endoAEP927 alleles have 
recombined each-other with a frequency which is corresponding with the physical distance 
between them. 
Furthermore, females from the new obtained recombinant stock were let laying eggs 
for up to 12 hours on different Petri dishes containing special Drosophila medium. The 
progeny was counted for two to five days soon after (Tab. 1). The results obtained were 
summarized in Tab. 1.  
Tab.1.  
Preliminary investigations of different Drosophila double-recombinants developmental stages (ARP-
like35E_endoAEP927). Discrimination between larvae’s phenotype was made using the GFP marker, under a 
compound microscope with an UV source 
 
The preliminary results have shown that the homozygous double-recombinants were 
dying continuously in different larval stages. The last developmental stage when they were 
seen alive was the IInd instars larvae. They looked sluggish and more delayed in development 
when comparing to the GFP larvae, being always into an inferior developmental stage than 
the GFP investigated larvae.  
Taking into account that both LoF alleles, when considering separately, could helped 
the homozygous to attend the IIIrd instars larvae and because the double recombinants’ 
phenotype was aggravated, these results suggested that some interaction could have been 
really taken place between ARP-like35E and endoAEP927 products. The expectation of their 
interaction was therefore validated and is it in accordance with a previous paper results, which 
Double-recombinant 
developmental stages  
investigated 
The number of heterozygous  
ARP-like35E_endoAEP927/ 
TM3SerGFP counted: 
The number of homozygous  ARP-
like35E_endoAEP927 / ARP-
like35E_endoAEP927 counted: 
Larva III 139 0 
Larva II 190 46 (41 dead) 
Larva I 292 183 (100 dead) 
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presented a high score of interaction between ARP-like and endoA (score 0.5387) wild-type 
allele, when using another approach, the high-throughput yeast two-hybrid (Y2H)-based 
technology (Giot et al., 2003).  
 
CONCLUSIONS 
 
These preliminary comparative analysis of the GFP and non-GFP recombinant ARP-
like35E _ endoAEP927 LoF linked alleles showed that the homozygous double-mutants died 
earlier than both homozygous mutants taken separately. This means that some interaction 
could have been really taken place between these allele’s products if taking into account that 
they had been in the same background genetic and their interaction was studied in vivo, in the 
context of an intact organism. 
Nevertheless, the data obtained in this study could not help to decide if one of these 
alleles might be considered as a suppressor or an enhancer of the other’s phenotype. This 
aspect it remains to be elucidated by other alternative strategies, in order to enhance the 
accuracy of establishing the authentic interaction between these alleles, by post-genomic 
methodologies.  
This kind of study is important for medical genetics, too. Taking into account that 
ARP-like and endoA wild-type alleles are orthologous to different human alleles implicated in 
diverse diseases, this study represents a valuable source of novel protein-protein interaction 
with relevance to human diseases.  
D. melanogaster represents an excellent model for genomics and proteomics with 
application in medicine because unlike in humans, in D.melanogaster any OFR can be 
mutated and easily studied, in vivo, in the context of an intact organism. Moreover, the lack of 
gene redundancy can simplify the analysis of biological process in the fly (Sang and Jackson, 
2005). 
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